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Abstract

We hypothesized that maintaining a normal electrocardiogram (ECG) status over time is
associated with low cardiovascular (CV) disease in a dose-response fashion and subsequently
could be used to monitor programs aimed at promoting CV health. This analysis included 4,856
CV disease-free participants from the ARIC study who had a normal ECG at baseline [1987-
1989] and complete ECG data in subsequent three visits [1990-1992, 1993-1995, 1996-1998].
Participants were classified based on maintaining their normal ECG status during these four visits
into “maintained”, “not-maintained” or “inconsistent” normal ECG status as defined by the
Minnesota ECG classification. CV disease events [coronary heart disease, heart failure and stroke]
were adjudicated from ARIC visit-4 through 2010. Over a median follow up of 13.2 years, 885 CV
disease events occurred. The incidence rate of CV disease events was lowest among study
participants who maintained a normal ECG status, followed by those with an inconsistent pattern,
then those who did not maintain their normal ECG status (trend p-value<0.001). Similarly, the
greater the number of visits with a normal ECG status, the lower was the incidence rate of CV
disease events (trend p-value<0.001). Maintaining (vs. not-maintaining) a normal ECG status was
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associated with a lower risk of CV disease, which was lower than that observed in those with
inconsistent normal ECG pattern (trend p-value<0.01). In conclusion, maintaining a normal ECG
status over time is associated with low risk of CV disease in a dose-response fashion, suggesting
its potential use as a monitoring tool for programs promoting CV health.
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INTRODUCTION

An abnormal ECG could be triggered by a wide variety of diseases that are not limited to
structural and functional abnormalities of the cardiac muscle, but also neurohormonal
abnormalities and electrolyte imbalance. Although presence of an abnormal ECG regardless
of its cause has been associated with poor outcomes (1-13), the heterogeneity of the
pathophysiological basis of an abnormal ECG requires considering certain ECG
abnormalities and not others when it comes to accurate prediction of outcomes. This is
unlike a normal ECG which simply means no deleterious effect on the heart by any factor
i.e. good CV health. Assessment of CV health using an objective simple tool, such as the
ECG, not only could help appropriately allocating resources to high risk groups but also
could help assessing and monitoring the success of programs and interventions aimed to
maintain CV health. That is to say, a normal ECG over time could be considered as a
byproduct of CV health and hence could be used as a monitoring tool for the success of the
actions implemented by CV health programs. Hence, we hypothesized that maintaining a
normal ECG status over time is associated with a low risk of CV disease [i.e. CV health] in a
dose-response fashion. We tested our hypothesis using data from the Atherosclerosis Risk in
Communities [ARIC] Study, a community-based predominantly biracial cohort study.

METHODS

The ARIC study was designed to investigate causes of atherosclerosis and its clinical
outcomes, as well as variation in cardiovascular risk factors, medical care, and disease by
race and sex [14]. A total of 15,792 adults from Washington County, Maryland; suburbs of
Minneapolis, Minnesota; Jackson, Mississippi; and Forsyth County, North Carolina were
enrolled. After baseline visit [1987 to 1989, ARIC visit 1], three additional examinations
were conducted in 1990-1992 [visit 2], 1993-1995 [visit 3], and 1996-1998 [visit 4]. The
study was approved by each study site’s institutional review board. All participants provided
written informed consent. For the purpose of this study we restricted the analysis sample to
black and white ARIC participants with a normal ECG at baseline [visit 1], complete ECG
data in all of the four ARIC visits and available follow up data after visit 4. Therefore, the
following exclusions were made: 5,047 participants with incomplete ECG data in any of the
four ARIC visits, 1,628 participants with history of CV disease prior or at visit 4, and 4,232
participants with any minor or major ECG abnormality at baseline. Similar to prior ARIC
publications, we also excluded non-white and non-black individuals, as well as non-whites
from the Minnesota and Washington sites [n=29]. The remaining sample [n=4,856] were
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then classified based on maintaining a normal ECG during all of the four ARIC visits into
either “maintained”, “not maintained” or “inconsistent” normal ECG status, and were
followed for outcomes until December 31, 2010 (Figure 1).

Identical electrocardiographs [MAC PC, Marquette Electronics Inc., Milwaukee, Wisconsin]
were used at all ARIC clinical sites, and resting standard 12-lead ECGs were recorded in all
participants using strictly standardized procedures. All ECGs were processed in a central
ECG laboratory [EPICARE Center, Wake Forest School of Medicine, Winston-Salem, North
Carolina, USA]. ECGs were automatically processed using GE Marquette 12-SL 2001 [GE,
Milwaukee, Wisconsin] with visual quality control by the central ECG laboratory staff.
Presence of ECG abnormalities was defined using the standards of Minnesota ECG
Classification (15). Major ECG abnormalities included major ventricular conduction defects
[complete left or right bundle branch block, major ventricular conduction delay with
QRS=120 ms], definite and possible myocardial infarction, isolated major ST/T wave
abnormalities, left ventricular hypertrophy with strain pattern, advanced atrioventricular
conduction abnormalities, pacemaker, atrial fibrillation/flutter, and others. Minor ECG
abnormalities included minor isolated Q/QS wave abnormalities, minor isolated ST/T
abnormalities, high R waves/increased QRS voltage denoting left or right ventricular
hypertrophy without strain pattern, non-ischemic ST segment elevation, incomplete [left or
right] bundle branch block, short PR interval, left axis deviation, right axis deviation, atrial
and ventricular premature beats, and others. A normal ECG was defined as absence of any
minor or major ECG abnormality as defined by Minnesota ECG Classification (15).

The main outcome in this study was adjudicated incident CV disease, a composite of
coronary heart disease, heart failure and stroke. An incident CV disease event was defined as
the first occurrence of a fatal or non-fatal coronary heart disease, heart failure or stroke event
from visit 4 [1996-1998] through December 31, 2010. Details on ascertainment of CV
disease outcomes have been published before (16-19). Briefly, the components of the CV
disease composite outcome were determined by physicians using validated adjudication
protocols and review of ICD codes of hospital discharge records. Stroke was defined as
sudden neurologic insult of > 24 hour duration or a neurologic insult associated with death
without evidence of a non-stroke cause of death. Stroke events were ascertained from
surveillance of ARIC participant hospitalizations using ICD-9 codes 430-438 through 1997
and codes 430-436 thereafter. Strokes were classified by physician review and computer
algorithm with standardized criteria to confirm the diagnosis and type of stroke (16). Heart
failure was ascertained by review of hospitalization records and death certificates for a heart
failure diagnosis. Specifically, incident cases with an ICD-9 code of 428 [428.0-428.9] or
ICD-10 Revision 150 were classified as heart failure (17). Coronary heart disease was
determined using study surveillance as previously described (18, 19). Symptoms,
biomarkers, and ECGs were incorporated into a computerized algorithm. Disagreement
between discharge coding and computer algorithm were adjudicated by the ARIC Mortality
and Morbidity Classification Committee. For the present analysis, coronary heart disease
was defined as definite or probable myocardial infarction or definite fatal coronary heart
disease.
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Baseline characteristics were tabulated and compared by the status of maintaining a normal
ECG status during the four ARIC visits [maintained, not maintained and inconsistent]. Age-
adjusted incidence rate of CV disease events per 1000 person-years in each group of
participants was calculated, and Kaplan-Meier survival curves were plotted to compare
event-free survival curves across these levels starting from ARIC visit 4. Cox proportional
hazards analysis was used to examine the association between maintaining a normal ECG
and an inconsistent pattern, separately [vs. not maintaining normal ECG status] with the risk
of CV disease in a series of models with incremental adjustments as follows: Model 1
adjusted for baseline [visit 1] age, sex, race, study site, and education level; Model 2
adjusted for model 1 covariates plus baseline [visit 1] body mass index, diabetes,
hypertension, dyslipidemia, and smoking status. Additional analyses included: 1) Examining
the association between the number of visits with a normal ECG status and risk of CV
disease. Having a normal ECG in only 1 visit [which is eventually the baseline visit 1 since
the entire sample had initially a normal ECG] was used as the reference group. The aim of
this analysis was to examine the dose-response relationship between years with a normal
ECG status and adverse outcomes; 2) Subgroup analysis stratified by median age, sex, race
and ideal CV disease risk profile defined as never smoked, body mass index <25 kg/m2,
untreated total cholesterol <200 mg/dL, untreated blood pressure <120/<80 mmHg, and
untreated fasting blood glucose <100 mg/dL (20). Interactions were examined in model 2; 3)
Using each of the components of the composite CV disease outcome separately [coronary
heart disease, heart failure, and stroke] in models similar to those used for the main outcome
and 4) Examining the association between a normal [vs. an abnormal] ECG at visit 4 [i.e.
single time point] with CV disease events adjusting for participants’ characteristics at that
time. This analysis serves two purposes: First, to confirm results from prior studies that an
abnormal ECG is associated with poor CV disease outcome. Second, showing that the
favorable association between a normal ECG and CV disease risk at a single point of time is
less than that observed with maintaining a normal ECG over time is another indication of
dose-response relationship.

RESULTS

This analysis included 4,856 participants [mean age 53 years, 66% women, 16% blacks]
who had a normal ECG at the time of enrollment in the ARIC study [ARIC visit 1; 1987-
1989]). Out of those, 2,264 participants maintained their normal ECG status until ARIC visit
4 [1996-1998], 531 participants developed and maintained their abnormal ECG status after
visit 1, and 2,061 had an inconsistent pattern. Table 1 shows the baseline characteristics of
the study population stratified by the status of maintaining normal ECG during the four
ARIC visits. Participants who maintained their normal ECG status were more likely to be
young, women, whites and with more favorable cardiovascular risk profile compared to
those who did not maintain their normal ECG status or those with an inconsistent pattern.

Over a median follow up of 13.2 years, 885 cardiovascular events occurred. The incidence
rate of cardiovascular events was lowest among study participants who maintained a normal
ECG status, followed by those with an inconsistent pattern, then those who did not maintain
their normal ECG status [incidence rates 6.8, 10.0, and 13.7 per 1000 person-years,
respectively, p<0.001 for trend). Similarly, the greater the number of visits with a normal
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ECG status, the lower was the incidence rate of cardiovascular events [incidence rates 6.8,
9.2, 11.4 and 13.7 per 1000 person-years in those who maintained their normal ECG status
in 4, 3, 2 and 1 visits, respectively, p<0.001 for trend]. Figure 2 and Figure 3 show the event
free survival curves stratified by maintaining a normal ECG status and by number of visits
with a normal ECG status, respectively.

In multivariable-adjusted Cox proportional hazard model, maintaining [compared to not
maintaining] a normal ECG status was associated with 41% [p<0.001] lower risk of CV
disease events in the demographic-adjusted model which was slightly attenuated to 34%
[p<0.001] after adjustment for baseline CV disease risk factors [Table 2]. Also, the results
were consistent in subgroups stratified by median age [57 years], sex and race. However, the
low risk of CV disease events associated with maintaining a normal ECG status was much
more pronounced in the study participants with ideal [compared to those with less than
ideal] cardiovascular risk factor profile at baseline, 94% vs. 33% lower risk, interaction
p=0.098 [Figure 4].

The dose-response relationship between follow up time on a normal ECG [i.e. maintaining a
normal ECG] with favorable CV disease risk was evident in different analyses. First, the
hazard ratio for CV disease in those with an inconsistent normal pattern was mid-way
between those who maintained and those who did not maintain a normal ECG status [Table
2]. Second, the greater the number of visits with a normal ECG status, the lower was the
observed risk of CV disease in the Cox proportional hazard models [Table 2]. Third, a
normal [compared to an abnormal] ECG status at visit 4 as a single time point was
associated with a lower risk of CV disease [multivariable adjusted HR (95%Cl): 0.81 (0.68-
0.97], this favorable association was much less than that observed with maintaining a normal
ECG in all of the four ARIC visits [HR (95%Cl): 0.66 (0.54-0.81)]. Similar patterns of
associations were observed when each of the components of the composite CV disease
outcome [coronary heart disease, heart failure, and stroke] was used individually in models
adjusted in a similar fashion to those used for the main outcome. That is to say, maintaining
[compared to not maintaining] a normal ECG status over time was associated with a lower
risk of coronary heart disease, heart failure and stroke in a dose-response fashion [Table 3].

DISCUSSION

In this analysis from the ARIC study we examined the association between maintaining a
normal ECG status over time with incident CV disease events. Our hypothesis was that
maintaining a normal ECG status over time is associated with low risk of CV disease in a
dose-response relationship i.e. the greater the time with normal ECG status, the lower the
risk of CV disease. Indeed, the key findings from our study support this hypothesis: 1) In
individual with initially normal ECG status and no history of CV disease, maintaining
[compared to not maintaining] a normal ECG status over time was associated with
significantly lower risk of CV disease [coronary heart disease, heart failure, stroke and a
composite of the three]; 2) The lower risk of CV disease associated with maintaining a
normal ECG status was positively correlated with the number of follow-up visits with a
normal ECG status in a dose-response relationship; 3) The lower risk associated with
maintaining a normal ECG status was greater in those who had ideal cardiovascular risk
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profile. These findings suggest that maintaining a normal ECG status over time is associated
with cardiovascular health, and hence, it could be used as a monitoring tool for programs
aimed at promoting cardiovascular health as well as identifying individuals at low risk for
CV disease.

The American Heart Association [AHA] has set forth a goal “to improve the cardiovascular
health of all Americans by 20% while reducing deaths from CV disease by 20%” by 2020
(21). Traditionally, there has been a dominant focus on treating disease, which inevitably
drives healthcare costs higher. However, in order to achieve the goal defined by the AHA,
there is a need for a paradigm shift allowing for more emphasis on comprehensive
assessment of CV health and implementation of health promoting measures (22). The Goals
and Metrics Committee of the Strategic Planning Task Force of the AHA has outlined seven
metrics to achieve ideal CV health [nonsmoking, body mass index <25 kg/m2, physical
activity at goal levels, diet consistent with current guideline recommendations, untreated
total cholesterol <200 mg/dL, untreated blood pressure <120/80 mm Hg, and fasting blood
glucose <100 mg/dL] (21). These metrics provide a blueprint for achieving CV health.
Nevertheless, genetic and environmental factors are known to impact and modify
individuals’ responses to CV disease risk factors [or the aforementioned AHA CV health
metrics for that matter] (23). This requires an objective intermediate endpoint, such as
maintaining a normal ECG, to monitor the favorable impact of implementing these health
metrics, and not simply depending on reaching certain levels of these factors. Therefore,
given our results, it may be reasonable to suggest maintaining normal ECG status as an
additional tool to assess the success of programs aimed to promote CV health.

One of the key applications of the AHA simple seven health metrics is their use as tools to
risk stratify individuals as having poor, intermediate, or ideal CV health (21). This
classification could help allocating resources and interventions to those at risk of CV
disease. As we showed, maintaining a normal ECG status was associated with a remarkably
lower risk of future CV disease in individuals with compared to those with less than ideal
cardiovascular risk profile [94% vs. 33% lower risk]. This means that maintaining a normal
ECG could also be used as a complementary component to tools used to for risk
stratification of CV disease.

As could be expected, the prevalence of traditional CV disease risk factors was lower and
the prevalence of ideal cardiovascular risk profile was higher in our study participants who
maintained a normal compared to those with an inconsistent normal ECG or those who did
not maintain a normal ECG status. However, there was a significant proportion of
participants with prevalent CV disease risk factors who maintained a normal ECG status;
16.9% had hypertension and 5.6% had diabetes at baseline [ARIC visit 1]. It is not clear why
those individuals managed to maintain a normal ECG for almost a decade [from ARIC visit
1 to visit 4] despite having major CV disease risk factors. Whether this could be explained
by genetic or environmental factors that prevent the harmful impact of CV disease risk
factors in certain individuals, or whether this could be due to better management of these
risk factors is something that requires further studies. Examining the relationship between
maintaining a normal ECG status and cardiac function and structure as assessed by imaging
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could also shed light on this observation, as well as the reasons for favorable outcomes
associated with maintaining a normal ECG.

Our results should be read in the context of certain limitations. Per design we had to exclude
a large proportion of the original ARIC cohort, which might have caused selection bias.
Another potential limitation is the heterogeneity of ECG abnormalities when lumped
together as minor/major. However, such heterogeneity would impact the analysis if we are
using major/minor abnormalities as the exposure variable; instead we used a normal ECG
which should provide a homogenous group. Finally, similar to other observational studies,
residual confounding remains a possibility despite adjusting for several potentially important
confounders. Our study has several notable strengths as well. This includes large sample
with good representation of women and blacks as well as long follow up with well-
ascertained outcomes identified by independent adjudication committee. The ECG data were
systemically collected using standardized protocol including the use of an electrode locator
to standardize the location of chest electrodes. Also, the ECG reading was conducted in a
central core laboratory using standard ECG classification of abnormalities; the Minnesota
ECG classification.
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Kaplan Meier event-free survival curves for cardiovascular events stratified by number of
visits with normal electrocardiogram status
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Interaction
p-value

0.714

0.310

0.978

0.099

Association between maintaining normal electrocardiogram status and incident
cardiovascular disease events in subgroup analyses
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Baseline characteristics stratified by maintaining a normal electrocardiogram ™

Table 1

Page 14

Characteristic Maintained Normal ECG  Inconsistent Pattern (N=2,061) ~ Did Not Maintain Normal [, iyt
Mean  SD of % Status (N=2,264) ECG Status (N=531)
Age (years) 53+5.5 54+5.6 54+5.9 <.001
Women 71.9% 63.5% 55.2% <.001
Black 13.8% 17.3% 21.3% <.001
Education = high school 51.9% 48.6% 46.7% 0.028
Body mass index(kg/m?) 26 +4.6 27 5.1 28+5.1 <.0001
Current smoker 19.4% 21.5% 21.5% 0.093
Diabetes Mellitus 5.6% 6.8% 7.9% 0.073
Hypertension 16.9% 25.4% 32.4% <.001
Antihypertensive medication use 16.1% 21.2% 26.4% <.001
Systolic blood pressure (mmHg) 114 £14.7 118+16.0 121+16.8 <.0001
Diastolic blood pressure (mmHg) 71+9.4 72+9.9 74+10.7 <.001
Total cholesterol (mg/dL) 212+39.3 213+39.6 213+39.3 0.980
HDL- cholesterol (mg/dl) 56 +17.1 53+17.5 52+39.3 <.001
Statin use 0.4% 0.6% 0.4% 0.640
5.7% 4.3% 3.2% 0.014

Ideal cardiovascular risk profi|e¢

*
Defined based on the presence of a normal ECG from ARIC baseline visit (ARIC visit 1; 1987-1989) to visit ARIC visit 4 (1996-1998)

fp—value for differences in the three groups using ANOVA for continuous variables or Chi? for categorical variables

Jtldeal cardiovascular health metrics defined as never smoked, body mass index <25 kg/mz, untreated total cholesterol <200 mg/dL, untreated
blood pressure <120/<80 mmHg, and untreated fasting blood glucose <100 mg/dL
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Table 3

Association between maintaining normal electrocardiogram and coronary heart disease, heart failure and
stroke

ECG status ™~ Subgroup™ Event Rate/1000 P-Year  HR (95% CI) ¥
Normal ECG status * Not maintained 7.5 Reference
Inconsistent Pattern 5.6 0.86 (0.66-1.11)
Maintained 4.1 0.74 (0.57-0.97)
Coronary Heart Disease” Visits with normal EcG” Only one visit 75 Reference
Two visits 6.4 0.94 (0.70-1.27)
Three visits 51 0.80 (0.61-1.07)
Four visits 4.1 0.74 (0.57-0.97)
Normal ECG status * Not maintained 6.1 Reference
Inconsistent Pattern 43 0.82 (0.61-1.10)
Maintained 2.7 0.62 (0.45-0.85)
Heart Failure Visits with normal ECG™  Only one visit 6.0 Reference
Two visits 5.1 0.86 (0.62-1.21)
Three visits 3.8 0.79 (0.57-1.09)
Four visits 2.7 0.62 (0.45-0.85)
Normal ECG status * Not maintained 32 Reference
Inconsistent Pattern 2.2 0.88 (0.59-1.30)
Maintained 14 0.64 (0.42-0.98)
stroke” Visits with normal ECc™ Only one visit 3.2 Reference
Two visits 2.4 0.86 (0.54-1.36)
Three visits 21 0.89 (0.58-1.38)
Four visits 14 0.64 (0.42-0.98)

*
Defined based on the presence of normal electrocardiogram from ARIC baseline visit (ARIC visit 1; 1987-1989) to visit ARIC visit 4 (1996-
1998)

TAscertained after ARIC visit 4 (1996-1998) through 2010

’tAdjusted for baseline (ARIC visit 1) age, sex, race, study field center, and education level, body mass index, diabetes, hypertension, dyslipidemia,
and smoking status.
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